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GlueX and Hadron Spectroscopy

+ Key question: How do gluons contribute to the ~ 9=-+S P=(1)7" C=(-1)=3

spectrum and structure of hadrons?

* Do gluonic degrees of freedom manifest in the @
hadronic spectrum?
» Look for states with non-qg QNs meson

Allowed JPC ;

0+, O++, 1—, 1+, 2++ .,
Forbidden JPC:

0—, 0+, 1-+, 2+ ...

hybrid meson

Hybrid JPC: 0-+, 0+, 1—, 1,
2-+, 2+, ...
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GlueX and Hadron Spectroscopy

« Key guestion: How do gluons contribute to the J=L+S P=(-1)4+1 C=(-1)+5

spectrum and structure of hadrons?

* Do gluonic degrees of freedom manifest in the Q
hadronic spectrum?
» Look for states with non-qg QNs meson

+ The GueX”™ Experiment is designed for hadron Allowed JPC:

_ . . 0-+, 0+, 1—, 1+, 2+, ...
spectroscopy: comprehensive studies of the Forbidden JPC:

hybrid meson spectrum and more! 0—, 0+, 1-+, 2+, ...

hybrid meson

Hybrid JPC: 0-+, 0+, 1—, 1,
2-+, 2+, ...

* Fixed target, large statistics for all final states

* Linearly polarized photon beam
e Access to strange and charm quark states

« Utilize scattering theory to extract resonance
poles from measured amplitudes—same as
state-of-the-art in the heavy quark sector
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Light Meson Spectrum from Lattice QCD

HadSpec: Dudek, Edwards, Guo, Thomas, PRD 88, 094505 (2013)
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* Need to study spectrum of “exotic” and “normal” QN hybrid mesons
* Need to understand hybrid flavor structure
* Hybrid mass range also populated by strangeonia
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The GlueX Experiment

Forward Calorimeter

* Located at Jefferson Lab, Titme et Elight
120+ members from 29 countries g, el calorimeter

* Full acceptance, Start Counter
reconstruction and
identification for all
final state particles = T——

 Photon beam via Tagging \
coherent WIHGRES
bremsstrahlung Ll

Beam

\

Target

Forward Drift
Chamber

Central Drift
Chamber

* Neutral final states
at these energies
mostly unexplored

Radiator Solenoid

Photon Tagger Pair Spectrometer

e 2017-8 run & Triplet Polarimeter
12 GeV e- e R
collected 4 PB data, North LINAC l X . _Pi .
plan to collect at . 5 _|:|_):.Beam pump

least 4 times more CEBAF

Diamond Radiator Electron Collimator GlueX

East ARC Beam Dump select 0 <25 ur  Spectrometer
polarized photons
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The GlueX Experiment

Forward Calorimeter

* Located at Jefferson Lab, Titme et Elight
120+ members from 29 countries g, el calorimeter

* Full acceptance, Start Counter
reconstruction and
identification for all
final state particles
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Meson Photoproduction: Beam Asymmetries

« Use photon polarization to study production mechanisms and develop
models, use as input to hybrid searches—wide program underway
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Meson Photoproduction: Beam Asymmetries

« Use photon polarization to study production mechanisms and develop
models, use as input to hybrid searches—wide program underway
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Meson Photoproduction: Beam Asymmetries

« Use photon polarization to study production mechanisms and develop
models, use as input to hybrid searches—wide program underway
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Searching for the lightest exotic hybrid m: yp 2 p + nin

Next step: search for Ty in N/ n'm oy p— A +1n
channels . 3k b n— Yy
Multiple production and decay modes z, —ao(Q?O)f L a2(1320)
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J/Y Photoproduction at GlueX

GlueX, PRL 123, 072001 (2019)

+ Study production dynamics
through cross section shape
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The GlueX detector and beam line enable a broad physics program

+ Other Snowmass Lols: JEF, Light BSM searches
- 2019 White paper: Future Physics in Hall D with the GlueX Detector
- Continuation of spectroscopy program

- Potential for different beam conditions, deuterium target

- Strangeonia and strange-quark X,Y,Z analogues
- Closed- and open-charm production near threshold, P. search
* Polarized target measurements

Future Physics in Hall D with the GlueX Detector
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https://www.snowmass21.org/docs/files/summaries/RF/SNOWMASS21-RF2_RF0_Liping_Gan-017.pdf
https://www.snowmass21.org/docs/files/summaries/RF/SNOWMASS21-RF6_RF0-112.pdf
https://halldweb.jlab.org/DocDB/0038/003870/011/gluex_future.pdf

GlueX and the Snowmass Process

GlueX-Il run with higher beam intensity and
improved PID underway. Can update
expectations for the sensitivity of this data.

Relevant example: evaluate physics
reach for production of charm quark hadrons
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Understand impact of GlueX in context of global experimental and

theoretical spectroscopy effort

Contribute to relevant topical white papers

Update list of priority measurements, particularly those having a

synergy with HEP experiments

Develop lines of communication over which analysis techniques

and information can flow

Raise awareness of hadron spectroscopy among the wider
community, and of the unique contributions of GlueX in particular
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